deficits by increasing the levels of neurotrophic and growth factors rather than by integrating into the damaged cerebral tissue (Bao et al. 2011; Joyce et al. 2010; Lin et al. 2011; Wakabayashi et al. 2010 ).
However, a recent series of reports has demonstrated that glial cells regulate the brain's innate immune response to cell grafts under both healthy and inflammatory conditions. Thus, only a limited number of stem cells can be stably engrafted into the brain (Bergwerf et al. 2011; De Vocht et al. 2013a; De Vocht et al. 2013b; Praet et al. 2012; Reekmans et al. 2012; Tambuyzer et al. 2009 ). These data suggest the interaction between cellular grafts and the microenvironment of the host brain, especially the glia, is important for graft survival. Furthermore, the glial reaction induced by engrafted MSCs in brain tissue is expected to have a profound influence on graft survival (Bergwerf et al. 2011; De Vocht et al. 2013b) .
Vascular endothelial growth factor (VEGF)-C, a member of the VEGF family, primarily stimulates lymphangiogenesis (Karkkainen et al. 2004; Veikkola et al. 2001) . It is also believed to act on neural stem/progenitor cells via the VEGF receptor 3 (VEGFR-3) and regulate neurogenesis in developing and adult brains (Calvo et al. 2011; Le Bras et al. 2006 ). In addition, VEGF-C/VEGFR-3 is induced in reactive astrocytes, perivascular-infiltrated macrophages, and activated microglia in rats with ischemic stroke and experimental autoimmune encephalomyelitis. Thus, VEGF-C/VEGFR-3 may be involved in the overarching glial reaction common to central nervous system (CNS) insults: astrogliosis, recruitment of monocytic macrophages, and modulation of inflammation and immunity Shin et al. 2010; Shin et al. 2008; Shin et al. 2013) . Considered together, it is likely that the VEGF-C/VEGFR-3 system is implicated in the astroglial and microglial/macrophage responses to engrafted MSCs.
The purpose of the present study is to provide a standardized assessment of glial reaction induced by engrafted MSCs in normal adult rat brain and provide evidence that the VEGF-C/VEGFR-3 system is implicated in the astroglial and microglial responses to the engrafted MSCs in the normal adult brain. Therefore, we examined the temporal changes and cellular localization of VEGF-C and VEGFR-3 proteins within the graft site and its surrounding area after transplantation of human bone marrow-derived MSCs into the striatum of adult healthy rats. Particular attention was paid to their relationships with graft-induced glial responses over a 2-week time period post-transplantation. We also compared the expression profiles of VEGF-C and VEGFR-3 at the graft site with those occurring in the mechanical lesion created by needle insertion, which also induced a profound glial cell reaction.
Materials & Methods

Preparation and Stereotaxic Intrastriatal Transplantation of Human MSCs
All experimental procedures were conducted under and approved by the Laboratory Animal Welfare Act, the Guide for the Care and Use of Laboratory Animals, and the Guidelines and Policies for Rodent Survival Surgery provided by the IACUC (Institutional Animal Care and Use Committee) in the College of Medicine, The Catholic University of Korea (Approval Number: CUMC-2014-0006-01).
Human bone marrow-derived mesenchymal stem cells (Catholic MASTER Cells) were obtained from the Catholic Institute of Cell Therapy (CIC; Seoul, Korea). Cultured MSCs were harvested with trypsin/EDTA, washed three times with normal saline, and resuspended at a concentration of 60,000 cells/µl in normal saline. MSCs at the fifth passage were used for experiments. Transplantation of human MSCs was carried out according to the transplantation methods described by Goto et al. (1997) .
Adult male Sprague-Dawley rats (250-300 g) were anesthetized with chloral hydrate (400 mg/kg i.p.) and placed on a stereotaxic frame with a microinjector unit (KD Scientific Inc.; Holliston, MA). For transplantation of MSCs, animals were given 5 µl of suspended cells (3×10 5 cells in 5 µl saline) into the right side of dorsal striatum using a 26-gauge Hamilton syringe (Hamilton Company; Reno, NV) at the following coordinates, relative to the bregma: anterior-posterior, 0 mm; mediolateral, 3.0 mm; and dorsoventral, 4.0 mm. To prevent backflow along the needle track, cells were delivered at a rate of 0.5 µl/min. In addition, the needle was left in situ for 5 min prior to and after cell injection, and then slowly withdrawn. Rats in the control group were given 5 µl of saline instead of suspended MSCs. Animals were allowed to live for 1, 3, 7, or 14 days after transplantation. A total of 32 rats were injected with MSCs (n=5/time point) or saline (n=3/time point).
Immunocytochemistry
For immunocytochemistry assays, human MSCs (fifth passage) were fixed with 4% paraformaldehyde in 0.1 M phosphate buffer (PB; pH 7.4) for 1 hr at room temperature. The fixed cells were then incubated overnight at 4C with mouse monoclonal anti-alpha tubulin (1:8000; Sigma-Aldrich; St. Louis, MO) and one of either VEGFR-3 (1:100; Abnova; Taipei, Taiwan) or VEGF-C (1:300; Bioss Inc.; Woburn, MA) rabbit polyclonal antibodies. Antibody staining was visualized with Cy3-conjugated anti-rabbit (1:2000; Jackson ImmunoResearch; West Grove, PA) and Alexa Fluor-488 goat anti-mouse (1:300; Molecular Probes; Eugene, OR). The specificity of immunoreactivity was confirmed by the absence of any immunocytochemical reaction in cells from which either primary or secondary antibodies were omitted. Cell nuclei were counterstained with DAPI (1:1000; 4′,6-diamidino-2′-phenyindole, Roche, Germany). Slides were viewed with a confocal microscope (LSM 700; Carl Zeiss Co. Ltd.; Oberkochen, Germany) equipped with four lasers (Diode 405, Argon 488, HeNe 543, HeNe 633). Images were converted into TIFF format, and contrast levels were adjusted using Adobe Photoshop 7.0 (Adobe Systems Inc.; San Jose, CA).
Tissue Processing and Immunohistochemistry
Animals were deeply anesthetized with 16.9% urethane (10 ml/kg i.p), and killed by transcardial perfusion with a fixative containing 4% paraformaldehyde in 0.1 M PB (pH 7.4). The brains were removed, and the tissue block encompassing the injection site was taken and post-fixed in the same fixative for 2 hr at 4C. After treatment with 30% sucrose, the blocks were embedded in OCT compound, and then cut into 15-µm-thick coronal sections with a cryostat.
To identify transplanted MSCs, we used a monoclonal antibody specific to human nuclei (HuN; 1:100; Millipore; Billerica, MA), which stains the nuclei of all human cell types and reveals no cross-reactivity in rat or mouse nuclei (Sánchez-Pernaute et al. 2005) . For double immunofluorescence labeling, sections were incubated at 4C overnight with a mix of monoclonal anti-HuN and either rabbit polyclonal anti-glial fibrillary acidic protein (GFAP; 1:1500; Millipore, Temecula, CA) or anti-ionized calcium-binding adaptor molecule 1 (Iba1; 1:500; Wako Pure Chemical Industries Ltd.; Japan), well-established markers of astrocytes and microglia, respectively. In addition, another set of sections was incubated at 4C overnight with a mix of rabbit polyclonal antibodies to VEGFR-3 (1:100; Abnova) or VEGF-C (1:300; Bioss) and mouse monoclonal antibodies to GFAP (1:500; Millipore) or ED1 (1:100; Serotec; Oxford, UK), one of the most reliable markers for monocytes/macrophages and activated microglia (Damoiseaux et al. 1994) . Antibody staining was visualized with Cy3-conjugated anti-mouse (1:2000; Jackson ImmunoResearch), Cy3conjugated anti-rabbit (1:2000; Jackson ImmunoResearch), Alexa Fluor-488 goat anti-mouse (1:300; Molecular Probes), and Alexa Fluor-488 goat anti-rabbit (1:300; Molecular Probes). The specificity of VEGF-C immunoreactivity was confirmed by the dose-dependent decrease in the immunohistochemical reactions by overnight preadsorption with several concentrations (ranging from 0 to 1.8 µg/ml) of its immunizing protein (Bioss Inc.) at 4C ( Supplementary Fig.  S1 ). The specificity for VEGFR-3 has been described in detail in our previous study , and was also confirmed by the significant decrease in VEGFR-3 protein levels in VEGFR-3-silenced C6 cells using small interfering RNA transfection (Park et al. 2014 ; Supplementary Fig. S2 ). For Tdt-dUTP terminal nick-end labeling (TUNEL), sections were stained by the TUNEL method according to the manufacturer's protocol (Roche Diagnostics Corporation, Indianapolis, IN). The sections were then immunostained with monoclonal mouse anti-HuN antibody, followed by incubation with Alexa Fluor-488 goat anti-mouse (1:300; Molecular Probes) and Cy3-conjugated streptavidin (1:1500; Jackson ImmunoResearch) for 1 hr. DAPI was used to counterstain cell nuclei, and pictures acquired by the described confocal microscope setup above. Images were converted into TIFF format, and contrast levels were adjusted using Adobe Photoshop 7.0.
Results
Characterization of Bone Marrow-derived Human MSCs
To examine whether MSCs used for transplantation expressed VEGF-C or VEGFR-3, immunocytochemistry was done using some of the same passage cells used for transplantation (fifth passage). Microscopic inspection of the human bone marrow-derived MSCs that had been stained for α-tubulin, a well-established microtubule marker, showed an elongated spindle-shaped morphology ( Fig. 1 ). Immunoreactivities for VEGF-C and VEGFR-3 were evident in nearly all MSCs, with nuclear staining more prominent than cytoplasmic staining in both cases.
Glial Reaction Elicited by MSC Engraftment
After stereotactic intrastriatal injection of human MSCs, the rat striatal sections passing through the graft were examined at 1, 3, 7, and 14 days postoperatively. To define the relationship of grafted MSCs and astroglial and microglial responses, sequential coronal sections that included the graft sites were processed for double-labeling with HuN and well-established markers of astrocytes and microglia, GFAP and Iba1, respectively. On day 1 after transplantation, MSCs displaying HuN staining were visible as a mass of cells in the striatum ( Fig. 2A, 2B ). At this time point, only a few Iba1-positive brain macrophages were visible within the MSC graft and its surrounds, whereas no significant immunoreactivity for GFAP was detected. On day 3, many round, amoeboid-like brain macrophages positive for Iba1 had accumulated in the area surrounding the MSC graft, whereas some macrophages had infiltrated the graft itself ( Fig. 2C, 2E , and Supplementary Fig. S3 ). Because infiltrating blood-borne monocytes or macrophages and reactive microglia are not distinguishable by morphological criteria due to a lack of discriminating specific markers (Guillemin and Brew 2004; Graeber and Streit 2010) , these cells might be infiltrating macrophages or activated resident microglia. In contrast, GFAP-positive, thin glial processes were detected only in the surrounding area, and not within the graft itself ( Fig. 2D, 2F ). On day 7, grafts were infiltrated with Iba1-positive microglia/macrophages ( Fig. 2G ), whereas astroglial processes were preferentially localized along the graft border ( Fig. 2H ). At this time point, HuN staining within the MSC grafts appeared to decrease as compared with that noted on day 3. To determine whether the decreased HuN staining could be explained by cell death, we performed double labeling with TUNEL and anti-HuN antibody on days 1 and 3 after transplantation. TUNEL-positive cells appeared to increase in number within a large cluster of MSCs showing HuN immunoreactivity on day 3 as compared with those at day 1 (Fig. 3 ). On day 14 after transplantation, the latest time point examined, only a few HuN-positive nuclei were observed in the graft site, whereas there were many brain macrophages and marked astrogliosis ( Fig. 2I, 2J ). However, no HuN staining was observed in either the contralateral hemisphere or the injection site in sham controls ( Supplementary Fig. S4 ).
Spatiotemporal Patterning of VEGF-C in Engrafted Striatum
Based on the in vitro analysis, demonstrating that MSCs expressed VEGF-C or VEGFR-3 ( Fig. 1) , we examined whether engrafted MSCs still expressed VEGF-C or VEGFR-3. Double-labeling studies with HuN and VEGF-C or VEGFR-3 revealed that negligible immunoreactivity for VEGF-C or VEGFR-3 was observed in the engrafted MSCs at any time point after transplantation (Fig. 4 ).
Next, we investigated the relationship between VEGF-C expression and glial responses in the engrafted striatum. On day 3 after transplantation, double-labeling with VEGF-C and ED1 (a monocytes/macrophages and activated microglia marker) at the graft site revealed that VEGF-C expression was absent or very weak in ED1-positive microglia/ macrophages, despite their accumulation around and within the graft ( Fig. 5A-5F ). In addition, hardly any colocalization between VEGF-C and GFAP was detected around the graft (data not shown). However, at this time point, VEGF-C expression was evident in ED1-positive cells localized to a restricted area around the trajectory of the injection needle, but not in brain macrophages in areas distant from the needle track (Fig. 5G-5K) . A similar expression pattern was observed in control animals that received only the vehicle: VEGF-C protein was induced in ED1-positive cells only near the needle track ( Fig. 5N, 5O ). However, GFAP staining was negligible or absent within the needle track in control and MSC-grafted animals (Fig. 5L, 5M) .
On day 7 after transplantation, intense VEGF-C immunoreactivity was observed within the graft, and virtually all of it was localized to ED1-positive brain macrophages ( Fig.  6A-6C, 6G, 6H) . In contrast, GFAP-positive astrocytes localized along the graft-host border were still devoid of VEGF-C immunoreactivity ( Fig. 6D-6F, 6I, 6J ). This expression pattern was maintained on day 14, but there was a notable decrease in the intensity of VEGF-C immunoreactivity in brain macrophages relative to that on day 7 ( Fig.  6K-6M, 6Q, 6R ). In addition, no specific immunoreactivity for VEGF-C was observed in reactive astrocytes, as identified by GFAP upregulation and hypertrophy, infiltrating the graft (Fig. 6N-6P, 6S, 6T) . 
Spatiotemporal Induction Patterns of VEGFR-3 in Engrafted Striatum
We next examined the expression of VEGFR-3 protein from the engrafted striatum. We used adjacent tissue sections for the labeling of VEGF-C and VEGFR-3. On day 3 after transplantation, VEGFR-3 immunoreactivity was evident in almost all ED1-positive brain macrophages. These cells were preferentially localized along the graft border, though some had infiltrated the graft (Fig. 7A-7F ). In addition, VEGFR-3 protein could be detected in almost all of the brain macrophages recruited to the parenchyma adjacent to the needle track, as well as the surrounding area in the control (Fig. 7M, 7N ) and MSC-grafted animals ( Fig. 7G-7L ). On day 7, intense immunoreactivity for VEGFR-3 was observed in nearly all brain macrophages infiltrating the graft (Fig. 8A-8C , 8G, 8H), and in reactive astrocytes forming an astroglial scar at the graft-host border ( Fig.  8D-8F, 8I, 8J ). On day 14, VEGFR-3 immunoreactivity was still evident in microglia/macrophages ( Fig. 8K-8M , 8Q, 8R) and reactive astrocytes ( Fig. 8N-8P, 8S, 8T) , both of which had infiltrated the graft site. However, labeling intensity in these cells had declined in comparison to that on day 7. 
Discussion
The main finding of this study is that, within and around the engrafted brain tissue, VEGF-C and its tyrosine kinase receptor, VEGFR-3, are expressed in activated glial cells and macrophages with characteristic region-and celldependent expression patterns. Previous studies have suggested that allo-or xenogeneic stem cell grafts in both healthy and diseased brain can trigger robust microglial activation and severe astrogliosis. In fact, these glial reactions are the most prominent factors related to rejection of cell grafts in the CNS (Bergwerf et al. 2011; Coyne et al. 2007; Coyne et al. 2006 Tambuyzer et al. 2009 ). In agreement with these previous reports, our observations demonstrated that the MSC grafts displayed massive infiltration by activated microglia, macrophages, and reactive astrocytes, whereas HuN staining at the graft site appeared to decrease over time. Thus, our data reinforce the idea that activated microglia/macrophages and astrogliosis play a central role in neuroinflammation following MSC transplantations, and provide new evidence for a role for VEGF-C/VEGFR-3 in MSC graft-induced glial reactions.
VEGF-C and VEGFR-3 proteins were expressed in ED1-positive brain macrophages accumulating within the graft site. These results agree well with the induction of VEGFR-3 expression in infiltrating monocytic macrophages within the injured CNS Shin et al. 2010; Shin et al. 2008) . In addition, this study is the first to provide evidence that VEGF-C protein is indeed induced in activated microglia and macrophages. Several studies have demonstrated that VEGF-C or VEGFR-3 is expressed in bone marrow-derived cells, including macrophages, monocytes, and dendritic cells, and that VEGF-C affects macrophage migration via VEGFR-3 (Hamrah et al. 2004; Hamrah et al. 2003; Skobe et al. 2001; Stepanova et al. 2007 ). Thus, VEGF-C/VEGFR-3 may presumably be involved in the activation/recruitment of microglia and macrophages, perhaps via paracrine and/or autocrine mechanisms, in the engrafted striatum. This hypothesis was additionally supported by the observation that ED1-positive macrophages expressed VEGF-C and VEGFR-3 in experimental obliterative bronchiolitis occurring in rat tracheal allografts, suggesting that VEGF-C/VEGFR-3 signaling plays an important role in regulating innate and adaptive immune responses after lung transplantation (Krebs et al. 2012) .
Interestingly, the expression of VEGF-C and VEGFR-3 proteins in brain macrophages at the graft site exhibited overlapping patterns, but VEGF-C expression was delayed relative to its receptor: VEGF-C protein was absent or very weak at 3 days, but increased by 7 days post-transplantation, whereas VEGFR-3 protein was induced within the first 3 days. Most brain macrophages accumulated in the area surrounding the MSC graft by 3 days after transplantation, with infiltration into the graft clearly observed at 7 days (compare Fig. 2C with 2G ). In this regard, VEGF-C Figure 6 . Spatiotemporal expression of VEGF-C protein in the striatum of MSC-grafted rats on days 7 and 14 after transplantation. (A-J) Double-labeling for VEGF-C (A, D) and ED1 (B) or GFAP (E) at 7 days. VEGF-C immunoreactivity is observed in ED1-positive brain macrophages infiltrating the graft, but not in the GFAP-positive processes enveloping the graft. (G-J) Higher magnification views of the boxed areas in A, C, D, and F, respectively. (K-T) Double-labeling for VEGF-C (K, N) and ED1 (L) or GFAP (O) at 14 days. The labeling pattern remains unchanged but the labeling intensity in ED1-positive cells appears to decrease relative to that seen on day 7. Note that GFAP-positive cells infiltrating the graft are still devoid of specific VEGF-C immunoreactivity. (Q-T) Higher magnification views of the boxed areas in K, M, N, and P, respectively. Cell nuclei appear blue after DAPI staining. Scale (A-F, K-P), 100 µm; (G-J, Q-T), 50 µm. induction in these cells showed a close temporal relationship with their recruitment into the graft. In addition, brain macrophages showed decreased immunoreactivity for VEGF-C/VEGFR-3 by day 14, when most of the transplanted MSCs appeared to be eliminated from the graft and only a few showed HuN staining. This change has been noted not only in the present study, but also in previously published data (Coyne et al. 2007; Coyne et al. 2006 ). Thus, the temporal pattern of the expression for VEGF-C overlaps with the period during which brain macrophages are recruited into the graft core and they reject the transplanted MSCs. Relative to the graft site, the early induction (within 3 days) of VEGF-C protein could be detected in brain macrophages recruited to the parenchyma adjacent to the needle track in both MSC-engrafted and control animals, indicating that this may be a response to the traumatic injury rather than a specific reaction to the transplanted MSCs. Thus, it is likely that the time of induction of VEGF-C protein in brain macrophages depends on the experimental lesion type; that is, whether the lesion was from MSCs being engrafted or simply the mechanical lesion induced by needle insertion. In the latter, however, brain macrophages expressed VEGF-C only in the areas immediately adjacent to, but not away from, the needle track. Thus, VEGF-C protein was induced in a subset of brain macrophages, which were localized to the core region damaged by the mechanical lesion. In addition, VEGF-C-positive cells showed intense staining for ED1, a protein expressed in the membranes of phagolysosomes in microglia/macrophages and which is correlated with phagocytic activity (Damoiseaux et al. 1994) . Thus, the spatiotemporal expression of VEGF-C protein within the graft/needle track implies that the induction of VEGF-C protein occurs in phagocytizing brain macrophages; although, the specific role of VEGF-C in these cells remains to be characterized.
Previous studies have proposed that reactive astrocytes form scar-like barriers surrounding the grafted MSCs, which sequesters them from immune effector cells, or that astrocytes infiltrating the graft may provide cellular and structural support for graft survival (Coyne et al. 2006; De Vocht et al. 2013a; De Vocht et al. 2013b; Praet et al. 2012) . Our data demonstrated the induction of VEGFR-3 protein, but not its ligand, in reactive astrocytes at the graft site. These results agree well with previous findings that VEGFR-3 induction in reactive astrocytes is a generalized phenomenon during CNS lesions Shin et al. 2010; Shin et al. 2008; Zhang et al. 2012) . However, they contrast with the finding of astroglial induction of VEGF-C mRNA in the post-ischemic hippocampus (Shin et al. 2008) . Although the reason for this discrepancy is unclear, it could be due to differences in the experimental models, the brain area observed, or the expression of protein versus mRNA in the two studies. In addition, it is possible that the apparent absence of VEGF-C immunoreactivity is due to low VEGF-C protein levels that escaped detection by our techniques, because astroglial reaction in the engrafted brain is less prominent as compared with the activation of microglia and macrophages, as demonstrated by Reekmans et al. ) and herein.
Another consideration is whether MSCs may secrete VEGF-C in situ in the engrafted striatum, given that MSCs expressed VEGF-C in vitro (see Fig. 1A ). Interestingly, injection of VEGF-C into the intact brain activates astroglial and microglia, and disrupts the blood-brain barrier (Piltonen et al. 2011) , and transplantation of human umbilical MSCs after complete transection of the rat spinal cord induces VEGFR-3 in the host spinal cord (Yang et al. 2008 ). However, our data showed that transplanted MSCs appeared to be rejected rapidly. This may be the reason why transplanted MSCs were devoid of specific VEGF-C staining in vivo after transplantation; although, low levels of VEGF-C expression in transplanted MSCs may escape detection. Furthermore, VEGF-C expression in the engrafted brain could be attributed instead to brain macrophages. Altogether, it is likely that the neuroinflammatory response in engrafted brain tissue is not induced by MSCs secreting VEGF-C but is rather a phenomenon secondary to cell death observed after allogeneic or xenogeneic stem cell transplantation into the CNS (De Vocht et al. 2013a ). Previous studies have suggested that even autologous MSC grafts as well as allo-or xenogeneic stem cell grafts in the rat brain can trigger robust microglial activation and severe astrogliosis (Camp et al. 2009; Tambuyzer et al. 2009; Bergwerf et al. 2011; De Vocht et al. 2013a; De Vocht et al. 2013b ). In addition, Khoo et al. (2011) reported that the glial reaction after transplantation of human MSCs into the rat brain occurs in the presence of cyclosporine immunosuppression, indicating that it is not specific to the transplanted cells. Thus, these data suggest that allo-or xenogeneic MSC grafts in the rat brain may elicit similar host responses and the consequent rejection of transplanted MSCs.
In summary, our results verified previous findings that human MSCs transplanted into the intact rat brain elicited a neuroinflammatory response mediated by activated Figure  8 . Spatiotemporal expression of VEGFR-3 protein in the striatum of MSC-grafted rats on days 7 and 14 after transplantation. (A-J) Double-labeling for VEGFR-3 (A, D) and ED1 (B) or GFAP (E) at 7 days. VEGFR-3 immunoreactivity is observed in brain macrophages infiltrating the graft, and in astroglial processes enveloping the graft. (G-J) Higher magnification views of the boxed areas in A, C, D and F, respectively. (K-T) Doublelabeling for VEGFR-3 (K, N) and ED1 (L) or GFAP (O) at 14 days. The grafts are heavily infiltrated with brain macrophages and reactive astrocytes, both of which express VEGFR-3 protein. Note that there is a notable decrease in the intensity of VEGFR-3 staining in these cells relative to that noted on day 7. (Q-T) Higher magnification views of the boxed areas in K, M, N and P, respectively. Cell nuclei appear blue after DAPI staining. Scale (A-F, K-P), 100 µm; (G-J, Q-T), 50 µm. microglia, macrophages, and astrogliosis, but also revealed several novel insights: (1) VEGF-C/VEGFR-3 was expressed in activated microglia/macrophages recruited to the graft site, where the induction of VEGF-C protein was rather late compared with its receptor; (2) brain macrophages in the mechanical lesion induced by needle insertion expressed VEGF/VEGFR-3 protein within 3 days; (3) VEGF-C protein could be detected immediately adjacent to, but not more distantly from, the needle track, whereas VEGFR-3 protein was expressed in both areas; (4) induction of VEGFR-3, but not VEGF-C, was noted in astrocytes surrounding and infiltrating the graft. Therefore, our data demonstrated that VEGF-C and its receptor showed characteristic time-and cell-dependent expression patterns within the engrafted brain tissue, suggesting that VEGF-C and VEGFR-3 may be involved in the recruitment/activation of microglia and macrophages, as well as in the astroglial reaction, and that they may contribute to the neuroinflammatory response elicited by MSC transplantation. However, further investigation is needed to determine whether the apparent expression of VEGF-C/VEGFR-3 in brain macrophages reflects its function in the recruitment of macrophages or is simply related to the functional status of microglia and macrophages.
